Abstract-In this paper, we proposed a new frequency synchronization method for orthogonal frequency division multiplexing (OFDM) system by using training sequences. In conventional method, the estimation range of the frequency offset is determined by the period of the repeated sequences which composing of training sequence. But in the new method it is independent of period of the repeated sequences. The proposed method can estimate frequency offset over ten times the sub carrier separation. So we can choose longer period of repeated sequence for time synchronization, which means much better performance can be achieved. Also the method can be extended to any other methods for frequency synchronization as long as a known training sequence is used.
INTRODUCTION
Modern mobile communication systems are developing towards faster transmission rate, better transmission quality, higher spectrum efficiency, and larger system capacity. Orthogonal frequency division multiplexing (OFDM) is a promising technology to achieve these qualities [1] . For OFDM, its most attractive property is that it is very effective in combating frequency-selective fading. Therefore it has successfully been used in DAB [2] , DVB [3] and HIPERLAN/2 [4] .
But one of OFDM systems disadvantages is its sensitive to frequency offset [5] . The subcarriers orthogonality will be destroyed when the frequency offset exits. Frequency offset exists causing Inter Carrier Interference (or ICI) which leading the system performance deteriorating drastically [5] . Several approaches have been used to estimate frequency offset. Van de Beek proposed the frequency offset estimation method by using cyclic prefix without using training sequences and hence requires no additional bandwidth, but its estimation range does not exceed half the subcarrier spacing [6] . Using repeated data, Moose proposed a method which can accurately estimate the frequency offset, but this will reduce the data transmission rate and the estimation range [5] . Shortening the repeated data length, estimation range will extend at the cost of estimation precision reducing. The frequency offset estimation method proposed by Schmidl and Schmidl can realize coarse frequency offset estimation and fine frequency offset estimation [7] . But its time synchronization is not so good and it needs two symbols for synchronization. Tufvesson proposed the frequency offset estimation approach by using PN sequences [8] . The estimation range of this method is large, and it has good time synchronization properties. Using virtual subcarriers estimates of frequency offset with MUSIC [9] [10] or ESPRIT [11] algorithms can be obtained without requiring additional training data. However they do require a-prior time synchronization.
In this paper we proposed a new method for OFDM frequency offset estimation by using PN sequences. It is the improvement of Tufvesson's method. Large estimation range and precision estimation can be achieved in the new method, and the estimation range of frequency offset estimation is independent of the period of PN sequences. Also this method can be extended for the method which uses known training sequences.
II. SYSTEM DESCRIPTION
We consider an OFDM system implemented by the inverse fast Fourier transform and FFT. N u subcarriers out of total N subcarriers are used to avoid aliasing effect at the edges of the transmission spectrum. X k is the modulated data on the kth subcarrier. After IFFT the output is 
Where n(k) is white Gaussian noise with mean zero and variance { } OFDM is very sensitive to the frequency offset. The orthogonality will be destroyed when frequency offset exists in OFDM system. In AWGN channel, when the frequency offset is ε, the effective SNR on each subcarrier is (when ε=0, the effective SNR on each subcarrier is equal to the overall SNR) [5] ( ) 
As has been demonstrated in [5] , [6] , a frequency accuracy of 1~2% of the subcarrier spacing is necessary in Rayleigh channel and 4% of the subcarrier spacing is necessary in AWGN channel for the influence of frequency offset can be omitted.
III. FREQUENCY OFFSET ESTIMATION
We use a training sequence for frequency offset estimation. The training sequence c(k) with length N is composed of repeated PN sequences m(k). K is the period of the PN sequence m(k). Here c(k) is composed of two full periods of m(k) in order to obtain the best performance of time synchronization [8] . The received signal can be expressed as
Here n(k) is white Gaussian noise with spectral density N 0 . ε is the frequency offset normalized by the subcarrier spacing.
When ideal time synchronization is assumed, frequency offset estimation proposed by Tufvesson is calculated as [8] ( ) ( ) ( ) ( )
When the parameters are selected as above, the estimation variance of Tufvesson's method is
In Moose's method, the frequency offset is estimated as [5] ( ) ( )
The range of frequency offset estimation of both methods is limited by parameter K. When frequency offset estimation is large, K should be short which lead to the best performance of time synchronization cannot be achieved. When the parameters are chose as before, the estimation variance of Moose's method is
It can be found that the estimation variance of Moose's method is better that that of Tufvesson's method.
Here we proposed a new frequency synchronization method whose estimation range is independent of K. When time synchronization is finished, correlated the received signal with local sequence c(k) to eliminate the influence of training sequence c(k) 
here ( ) n k ′′ is the value Gaussian noise correlated with the sequence c(k). Then frequency offset estimation can be estimated by
where ( ) (
. L is the parameter chose to adjust the estimation range and precision. The estimation range of the new method is
It is independent of the period of repeated sequences which composing of the training sequence c(k). When L is much smaller than K, the estimation range of the proposed method is much larger. This assumption holds in most cases. But the precision of the proposed method is not good enough when L is small, it only can be used for coarse frequency synchronization. Large estimation range and precise estimation cannot both be achieved in one step. So two steps are used in frequency offset estimation. First a small L is chose for coarse frequency synchronization. When we choose L=L 1 the estimation of frequency offset is
After the coarse frequency offset has been compensated, a large L(in this step, L is half of FFT length) is selected for fine frequency synchronization. The estimation of frequency offset of the second step is
The overall estimation of the frequency offset by the proposed method is
The estimation variance of the proposed method is decided by fine frequency synchronization in the second step. By using the method in [5] it can be calculated in AWGN channel as
which is accordance with the Cramer-Rao bound (CRB) in [5] , [7] .
From the analyses we know that the method of frequency offset estimation proposed here can be extended to any method that a known sequence is used for synchronization, channel estimation, equalization or other purposes. As long as the sequence is known to receiver, the method proposed here works. This offer flexibility in the design of the training sequence. The training sequence can be designed in term of the best performance of time synchronization or the best performance of channel estimation or equalization or others.
IV. THE PERFORMANCE OF FREQUENCY SYNCHRONIZATION
In Beyond 3G system, carrier frequency is 3.2 G Hz, N=1024, N g =256, K=511, subcarrier spacing is 20 k Hz. The repeated sequences which composing of training sequence is an m sequence with period 511. Tufvesson's method is called method I. with frequency offset 0.9 in AWGN channel and multi-path fading channel. Method II is the proposed method.
In AWGN channel L=16 and ε=28.7 is chose but in Rayleigh channel L=64 and ε=7.2 is chose in method II. The Rayleigh channel is ITU-R M.1225 Vehicle Channel B [12] . 10000 trials were run at each simulation. (6) and (15) respectively). When the SNR is large, the values simulated and theory analysis are almost the same because the analysis is hold when SNR is large. In method I, the frequency offset estimation is no more than 1 (N/2K), but in the method II, its estimation range in theoretical is 32 (N/2L). The improvement is drastic. Fig. 2 illustrates the variance of estimation in ITU-R M.1225 Vehicle channel B with moving speed 5 km/h and 60 km/h respectively. When moving speed is 5 km/h the estimated MSE is almost linear decline with SNR increase, jus like in the case of AWGN channel. But it is worst than that in AWGN channel. When the moving speed is 60 km/h, we can find an error floor which is the effect of the fading bandwidth on the MSE of the estimation. It is observed that the estimation variance will be larger when time variance of the channel increases. In both moving speed cases the performance of method II is slight better than that of method I because method II's estimation variance is independent of the frequency offset while method I not. In multi-path fading channel the estimation range of method II is much larger than that of method I.
V. CONCLUSION
In this paper, a new method of frequency offset estimation is proposed. The proposed method provides a much larger estimation range and the period of repeated sequences is independent of the estimation range of frequency offset. This offers the flexibility in training sequence designed. The training sequence can be designed to pursue the best performance of time synchronization, equalization, channel estimation or other purposes. Also the method can be extended to any other method where a known sequence is used. The 
